ABSTRACT
INTRODUCTION
White adipose tissue stores excess energy in the form of triglycerides, while brown adipose tissue is actively involved in the regulation of body temperature 1 . Recent studies have shown that adipose tissue is an active endocrine and paracrine organ secreting several mediators called adipokines.
Adipokines include hormones, inflammatory cytokines and other proteins 2 . These adipokines include hormones as leptin and adiponectin, inflammatory cytokines as tumor necrosis factor α, interleukin-6 and other proteins as plasminogen activator inhibitor-1, angiotensinogen and resistin 3 . Furthermore, adipose tissue is known to release an unidentified adipocyte-derived relaxing factor 4 , which relaxes several arteries. Leptin is an ob gene-expressed protein mainly secreted by adipose tissues, with a primary role of inhibiting food intake, modulating weight balance and promoting energy metabolism 5 . Previous researches have revealed that leptin is a stress mediator after injuries, and it proceeds to maintain homeostasis by accelerating oxidation of glucose and fatty acids, alleviating reactive oxygen species-induced apoptosis, and ameliorating post-septic multiple organ dysfunction . There are, however, significant sex-related differences in the location of the adipose tissue, the number of fat cells and fat cell size, plasma levels of CRP and adipokines
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The associations between adipokines and markers of inflammation have been previously demonstrated in cohorts of healthy subjects, patients with diabetes, and patients with coronary artery disease 21 . The objective of the present study is to establish the role of leptin, adiponectin and hs-CRP in the occurrence of coronary heart disease and compare the sensitivity and specificity of the circulating levels of the three biomarkers in the clinical diagnosis of CHD.
MATERIALS & METHODS

Patients and study protocol:
The criteria for the diagnosis of CHD include myocardial infarction and angina pectoris based on the clinical history, ECG and diagnostic coronary angiography (CA) was carried out on forty consecutive patients with age ranging between 50-65 years with mean ±SD of 59.175±3.112 years (24 males and 16 females) who were selected from the cardiology outpatients' clinic of Al Minia university hospitals to participate in the current study, the duration between the onset of disease and the time of performing the assay of the biomarkers was ranging between 90-270 days with mean ±SD of 136.48±4.96 day. The control group included 10 normal healthy subjects with age ranging between 54-61 years with mean ±SD of 57.200±2.573 years (7 males and 3 females) with no history of myocardial infarction and angina pectoris having normal ECG and normal (CA). A written informed consent was obtained from each participant. All patients and the control groups were subjected to diagnostic coronary angiography (CA) in Cath-Lab of Cardiology Department and the biochemical analyses were carried out in the Medical Biochemistry Department, Faculty of Medicine, Al Minia University. Diagnostic coronary angiography (CA): It was done for all participants using a flat-panel imaging system. All subjects were in the fasting sedated state. It was performed from the arterial femoral approach after local groin infiltration of 10-20 ml xylocaine 2% using modified seldinger's technique after injection of 5000 IU of Heparin, 6F JL then JR coronary catheters were used to engage the corresponding arteries. The study was conducted with a General Electric Innova 2000 angiographic unit (GE medical system Milwaukee, WI, USA). The selection criteria of the patients were presence of more than 50% of coronary lesions in their angiographic projections and normal (CA) to be used as a control group. Laboratory measurements: Blood samples were drawn after an overnight fast from each patient of the test group and each healthy subject of the control group. Each blood sample was centrifuged to collect serum which was stored at -20 o C till the time of analysis. Total-C, HDL-C and TGs were measured by enzymatic colorimetric methods as described by Richmond 22 , Gordon et al. 23 and Jacobs & Vandemark 24 , respectively, using reagents from (Human Gesellschaft fur Biochemica Diagnostica GmbH, Germany). LDL-C was calculated by Friedewald , s formula
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. Leptin, adiponectin and high sensitive C-reactive protein (hs-C-reactive protein) were measured using a Human Leptin ELISA kit (SRL, Tokyo), a Human Adiponectin ELISA kit (Otsuka Pharmaceutical Inc., Tokyo) and Auto LIA CRP MX type (Nippon Seiyaku, Japan) as described by Engvall et al.
. Statistical analysis:
All data were analyzed using SPSS (Statistical Program for Social Sciences version 14 for windows, 2006, SPSS Inc., Chicago, IL, USA). Continuous variables were expressed as mean ± standard deviation (SD) and discrete variables were presented as frequencies and percentages. Continuous variables were compared between the two groups using the unpaired Student's t test for normally distributed data and the MannWhitney U test for non-normally distributed data. The relationships between the variables (laboratory parameters) were analyzed using Pearson correlation coefficient (r). A P value less than to .05 was considered statistically significant. ROC curve analysis was done using MedCalc software for evolution of sensitivity and specificity of the different biomarkers.
RESULTS
The biochemical parameters of the patients , group versus the control group are presented in Table 1 , in the form of mean±SD. The results showed highly significant (p< 0.0001) increase in the levels of leptin, hs-CRP, LDL-C and total-C of the CHD group versus the control group, also, there was highly significant (p< 0.0001) decrease in the levels of adiponectin of patients when compared to the controls. HDL-C values revealed a significant (p< 0.05) decrease for CHD group in respect to the control group, while, the values of TGs showed insignificant difference (p=0.0871).
In CHD group, the obtained results showed that there was a positive correlation between leptin and hs-CRP (r=0.371, p<0.018), a non-significant negative correlation with adiponectin (r=-.087, p=.592), a moderate negative correlation between hs-CRP and total-C (r=-.501, p=0.001) and a non-significant negative correlation between hs-CRP and adiponectin (r = -.010, p = 0.953) (Figure 1 ). Table 2 shows the area under the ROC curves for leptin, adiponectin and hs-CRP in (1.00, 0.00 and 0.882 for the three parameters, respectively). Also, figures 2, 3, 4 and 5 show that the optimal cutoff value of leptin (27.7 ng/ml) (sensitivity 100% and specificity 100%) (Fig. 2) , of adiponectin (7.6μg/dl) (sensitivity 100% and specificity 90%) (Fig. 3) and 0.26 mg/dl for hs-CRP (sensitivity 75% and specificity 80%) (Fig. 4 
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, which is supporting the results obtained in present study. The group of patients showed increase in the levels of total cholesterol, LDL-C and triacylglycerols, while, the levels of HDL-C are decreased with the decrease in the levels of adiponectin, the mechanism by which adiponectin influences lipid metabolism suggests that the positive effects of adiponectin on HDL levels might result from the significant positive relationship with lipoprotein lipase activity 40 . Furthermore discussion about the mechanism of adiponectin in atherosclerosis is inappropriate because of a lack of direct data regarding this issue. Nevertheless, these reported findings, with the present results, indicate that lower levels of adiponectin may provide certain information for predicting CHD 38 .
Leptin is a 26 kDa 40 , almost exclusively secreted by white and brown adipocytes 41 , its expression and secretion are also regulated by a variety of other factors; for example, leptin is increased by insulin, glucocorticoids, TNF-α, and estrogen 40 . Under normal conditions; leptin contributes to blood pressure homeostasis by its vasorelaxing and vasocontractile effects
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. While the contractile effect of leptin is attributed to sympathetic nervous system activation
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. Various mechanisms seem to be responsible for leptin-induced vasorelaxation. This latter effect can be endotheliumdependent, either through the release of NO 44 or by other mechanisms 45 . The vascular effects in an isolated preparation are independent of any neutrally mediated actions of leptin. They are consistent with several previous demonstrating leptininduced vasodilatation of coronary artery in humans and activation of endothelial nitric oxide production in human aortic endothelial cells 44 . In the present study, the mean value of serum leptin levels of CHD group were higher when compared to the control group and inversely correlated to the levels of serum adiponectin. Our findings are in agreement with the reported results of Yutaka et al.
38
, also, leptin levels show positive insignificant correlations with values of HDL-C and LDL-C. Chronic elevation of blood CRP and hs-CRP levels has been observed in individuals with cardiovascular risk factors such as diabetes, smoking, obesity, hypertension, and dyslipidemia 46 , 47 . The results obtained in the present study show that there is a statistically significant increase in the serum level of hs-CRP in the patients group versus the control group. In previously published reports, it has been shown that the difference between the levels of hs-CRP was insignificant in coronary heart disease patients when compared to the non-coronary heart disease subjects
. The disagreement between our findings and the results obtained by 38 may be due to the existence of any other inflammatory conditions that can result in increase in the levels of hs-CRP. Several reports have demonstrated that there is an inverse relationship between plasma adiponectin and CRP
21, 48
. From the results of Receiver operating characteristic (ROC) curve for the studied parameters, it is shown that sensitivity of leptin and adiponectin as biomarkers for CHD are higher than hs-CRP, also, leptin is more specific than the other two parameters. A previous report showed that leptin levels were the most sensitive marker for predicting the accumulation cardiovascular risk factors in the general population of elementary school children 49 . Nakatani et al.
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, reported that serum leptin was a useful biomarker of metabolic abnormalities than high molecular weight adiponectin in general male adolescents.
CONCLUSION
Serum leptin, adiponectin and hs-CRP are biomarkers for and correlated to CHD and the most sensitive &specific parameter is leptin. The limitation to the present study is the relatively small patients' number included in the study.
The future plan will be directed towards leptin receptor gene polymorphisms and their effects on the circulating levels of leptin and the signaling capacity of leptin. 
